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Phosphoprotein phosphatase (PPPase) has been suggested to be important in

the mechanism of yolk utilization in the frog embryo (Harris, 1946; Earth and

Earth, 1954; Flickinger, 1956, 1957). Knowledge of the mechanism of regulation
of the enzymatic activity during development must follow from a thorough under-

standing of the properties, location and changes in activity which occur during

morphogenesis. In view of the unsettled nature of the literature concerning these

areas an investigation has been made into various phases of these problems.
The use of different fractionation and incubation procedures upon ovarian eggs

has resulted in PPPase activity being found in the yolk (Harris, 1946; Nass,

1956), the small yolk (Panijel, 1950), the pigment-containing fraction (Earth and

Earth, 1954) and in water-soluble dephosphorylated vitellin (Flickinger, 1956).
All of these investigators have reported enzymatic activity in several of these frac-

tions of ovarian homogenates. There have been reports on calcium activation of

the enzyme (Flickinger, 1956) and on calcium inhibition (Nass, 1956). The phos-

phate release from vitellin has also been suggested to be non-enzymatic (Flick-

inger, 1956).

Mezger-Freed (1953) studied the changes in the endogenous phosphate released

from embryo homogenates during development and found peak activities just before

and during gastrulation and a steady decline after neurulation. Flickinger (1956)

reported a stage-wise increase in PPPase activity from eggs to hatched larvae.

Earth and Earth (1951) found a low enzymatic activity of KC1 extracts until

gastrulation when a slight increase was observed. The activity reached its peak at

hatching and declined thereafter.

Yolk has also been suggested to play a primary role in morphogenesis. It has

been shown that the yolk is important in determining the polarity of the egg (Ancel
and Vintemberger, 1948), and Dalcq and Pasteels (1937) have hypothesized that

the product of the interaction of a cortical and vitellin gradient determines the

fate of the various regions of the embryo. Most microscopical investigations of

yolk utilization indicate that the yolk platelets are solubilized most rapidly at the

time of hatching, although evidence for an earlier utilization of yolk has also been

reported (Voss, 1934; Bragg, 1939).
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of Philosophy at New York University. Part of the work was supported by a grant from the

National Science Foundation to Prof. Paul R. Gross.
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There is excellent agreement that the yolk is first used in the most actively

differentiating regions, especially the chorda-mesoderm (Bragg, 1939; Flickinger,

1949, 1954). Flickinger (1949) has correlated the disappearance of yolk with the

initiation of pigmentation of neural crest pro-pigment cells, as well as with increased

oxygen consumption that follows yolk utilization. Electron microscopy of

amphibian eggs and embryos shows that an intimate relationship exists between

yolk and mitochondria, and Lanzavecchia and Le Coultre (1958) have suggested
that a direct conversion of yolk to mitochondria takes place. Karasaki (1959) has

shown that the mitochondria increase in number and complexity from late gastrula-
tion onward, at the time when yolk utilization and oxygen consumption increase.

The major part of this investigation is concerned with clarifying the problem of

the localization of PPPase in the ovarian egg and characterizing its properties after

freeing the enzyme from its endogenous substrate. The changes in the enzyme
activity during development have been investigated and correlated with the localiza-

tion studies and with the known morphogenetic movements occurring at various

stages of development.

MATERIALS AND METHODS

A. Preparation of fractions

1. Yolk fractions. Ovaries of Raiia pipiens were excised, washed and homoge-
nized in cold 0.05 MTris-maleate buffer, pH 6.8, which in some cases contained

0.5 MNaCl. The ovary and oocytes were disrupted in one or two strokes of the

pestle. Excessive homogenization results in pigment adsorption upon the yolk

platelets, as previously described (Panijel, 1950; Nass, 1956). All procedures

prior to incubation were performed at temperatures below 4 C. Yolk platelets

were isolated according to the method described by Essner (1954), with minor
modifications in the centrifugation schedules (Nass, 1961). All preparations were

routinely examined microscopically for uniformity and absence of contaminants.

Small yolk platelets were best prepared by removing the bulk of the large yolk
at 120 g and then centrifuging the supernatant fraction at 700 g. The sediment

was re-suspended, centrifuged to remove traces of the larger yolk components, and
the small yolk was re-sedimented. This procedure was repeated at least five

times. In many preparations this small yolk fraction remained gray from pigment

adsorption even after ten washings with buffer. Microscopically, the fraction was
found to contain few large yolk platelets.

In some instances a combined pigment-small yolk fraction was prepared by

centrifugation at 4000 g for 10 minutes after previous removal of the large yolk
fraction.

A few preparations of large and small yolk by the method described by Panijel

(1950) were attempted. In most instances the sucrose medium caused aggregation
of the yolk and was not as satisfactory in the separation of the platelets as the

method described above. The procedure of centrifuging all the components down
at a higher centrifugal force and then re-suspending them also led to excessive,

irreversible pigmentation of the yolk fractions.

2. PA. and ghosts. Clean yolk platelets are almost completely and immediately
soluble in solutions of ionic strength greater than 0.4 M. The small amount of

insoluble material (ghosts) was centrifuged down and the soluble yolk re-precipi-
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tated by lowering the salt concentration to 0.10 M or less by dilution or dialysis

against distilled water or dilute buffer, pH 6.8. This material is referred to here-

after as "YP A
" and is equivalent to the YP described by Gross (1954).

3. YP-Q. When ovaries were homogenized in buffer containing 0.5 M NaCl,
the first centrifugation was carried out at 10,000 g for 15 minutes in order to

remove most of the particulate matter while leaving the soluble yolk proteins in the

supernatant fluid. The large quantity of lipid-containing material separating

centripetally was skimmed off and discarded; the remainder of the supernatant
fluid was dialyzed against distilled water or dilute buffer for 24 hours in order to

precipitate the yolk proteins. This material is called "YP^" and is similar to the

preparations described by Barth and Earth (1954).
4. Pigmented fraction and extract. The gummy, black residue after extracting

and centrifuging the ovaries was re-homogenized in buffer containing 0.5 MNaCl
and centrifuged at 4000 g for 10 minutes. The procedure was repeated twice in

order to remove most traces of adsorbed yolk proteins. This material was some-

times used as the enzyme source, but part of it could be dissolved by extraction with

pH 4.9 acetate buffer as described by Barth and Barth (1954). The residue was

extracted three times in small volumes of buffer with centrifugation and suspend-

ing of the material between each extraction.

5. Embryonic material. Eggs and embryos of the desired stage of develop-

ment (Shumway, 1940) were washed and homogenized in three volumes of 0.1 M
Tris-maleate buffer, pH 7.2, containing 0.5 M KC1. The homogenate was cen-

trifuged and the fractions were prepared as described above.

B. Storage of fractions

Yolk platelet organization and properties are disrupted by freezing or acetone

powder preparation, and whole ovaries are no longer extractable after freezing.

Yolk held at 4 C. releases some phosphate during storage (Panijel, 1950; Nass,

1956). It was found that whole ovaries, intact platelets, yolk platelets soluble at

high ionic strengths, and insoluble residues maintained their physical and enzymatic

properties for as long as one year when stored in 50% glycerol at 10 C.

Material that was prepared for storage was made up in double concentrations of

Tris-maleate buffer, pH 6.8, and/or NaCl and then diluted in half with glycerol.

For use, the glycerinated material was either diluted or dialyzed against distilled

water, centrifuged, washed and re-diluted with the desired buffer.

C. Substrates

Phosvitin (Nutritional Biochemical Co.) was used routinely as the substrate

because of its favorable solubility properties over the pH range employed. Yolk

platelets or solubilized yolk could be used as a substrate after heating at 65-70 C.

for three minutes. Most of the enzymatic activity of the yolk was destroyed by
this treatment, while the yolk retained its characteristic solubility properties at

weak and strong salt concentrations. Heating at higher temperatures irreversibly

denatured the proteins.
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D. Analytical procedures

All fractions were incubated with and without added substrate in both 0.1 M
and 0.5 MNaCl. Controlled variables included enzyme concentration, substrate

concentration, ionic strength, pH, temperature, and time of incubation. Most incu-

bations were performed at pH 4.9 for 15 minutes at 28 C. The reaction was

stopped by adding 10% trichloroacetic acid (TCA) to yield a final concentration of

7.5%. The samples were centrifuged and an aliquot removed and analyzed for

inorganic phosphate by the Fiske-Subbarow procedure, as modified by Leloir and
Cardini (1957). The addition of molybdate to a TCA extract of frog eggs or yolk
resulted in a clouding of the originally clear extract, as described by Harris (1946)
and Mezger-Freed (1953). This necessitated an additional centrifugation before

the reducing solution was added.

The total phosphorus method employed was described by Leloir and Cardini

(1957), but superoxal (30% hydrogen peroxide) was substituted for nitric acid.

The fractionation of phosphorus-containing compounds was performed by the

Schneider (1945) technique.
Soluble protein was sometimes determined by the biuret procedure described by

Gornall et al. (1949) after standardization of representative samples by the

Kjeldahl procedure. Most nitrogen analyses were performed by the micro-

Kjeldahl method.

EXPERIMENTSAND RESULTS

The wide variations in the localization of PPPase were studied by comparing
the techniques of other investigators (Barth and Barth, 1954; Flickinger, 1956;

Panijel, 1950) with our own (Nass, 1956). The experiments reported here are

consistent with the view that endogenous PPPase activity of yolk is due to adsorp-
tion of pigmented material and that the stability of solubilized yolk is dependent

upon the previous steps in the isolation procedure. The described kinetics, pH
optima, temperature characteristics, substrate specificity and inhibition studies on
fractions freed of endogeneous activity are positive indicators of a true enzymatic

hydrolysis of phosphoprotein phosphate.

A. Observations on yolk fractions prepared by different methods

The data summarized in Table I show that salt extraction of whole homogenates
resulted in a dephosphorylation of the yolk (YP B ) phosphoprotein. A concomitant

alteration in the solubility properties of these preparations was also noted. The
loss of phosphate from phosphoprotein renders the protein water-soluble (Flick-

inger, 1956; Nass, 1956). Solubilization of clean yolk (YP A ) followed by cen-

trifugation and re-precipitation by dilution with water showed little loss of phos-

phoprotein phosphorus, and complete precipitation of the extracted yolk was
obtained. Further solubilization and re-precipitation left trace quantities of high-
salt-insoluble material in YPA but large quantities of this material in YPB . Other
evidence of the instability of YPB phosphoprotein includes the solubility of this

material at both acid and alkaline pH as compared with the acid precipitability of

YPA - Upon incubation at pH 4.9, 28 C., YPA lost phosphate and became water-

soluble.
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TABLE I

Phosphorus fractions of yolk preparations
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FIGURE 1. Rates of PPPase activity of yolk platelets and YPA , incubated in 0.1 M and
0.4 M NaCl, with or without added phosvitin (10 mMP). Filled circle: yolk platelets
+ phosvitin in 0.4 MNaCl. Open circle : yolk platelets in 0.4 M NaCl. X : YPA + phosvitin
in 0.4 MNaCl. Filled triangle : YPA in 0.4 MNaCl. Dotted circle : yolk platelets + phosvitin
in 0.1 M NaCl. Circle, right half filled: YPA + phosvitin in 0.1 M NaCl. Circle, left half

filled : YPA in 0.1 MNaCl. Open triangle : yolk platelets in 0.1 MNaCl. Incubated at pH 4.9,

28 C.

centrations show that most of the activity of the large yolk was due to its action on

phosvitin in low salt but to its endogenous activity when the yolk was solubilized

(see also Figure 1).

Fractionation of ovarian homogenates indicated that only the large and small

yolk granules had any endogenous Pj released. Ghosts from the yolk platelets, the

pigmented fractions and the supernatant proteins had no endogenous activity

(Nass, 1961).

(4) The phosphorus/nitrogen ratio of yolk was 0.14, while the ratio of small

yolk was 0.17, ghosts 0.21, and the pigmented fraction 0.28. YPB fractions had
somewhat lower ratios (0.10-0.12) from Shumway (1940) stage 1 through stage
20. Stage 25 YPB had a distinctly lower ratio (0.08), probably related to new
proteins being formed and precipitating with the euglobulin fraction (e.g. acto-

myosin). The increasing PPPase activities of the ovarian fractions against phos-
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TABLE II

Comparison of total activities of ovarian fractions

Exp.
No.
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Figure 5 shows that the linear rate of phosphate release is only maintained as

long as the rate of protein solubilization is linear. In addition, no activity of the

extract against heated whole yolk in 0.1 MNaCl was found although ghost-free

YPA was solubilized and dephosphorylated under these conditions. These results

suggest that disruption of the yolk platelet organization is essential for the action

of the enzyme.

Non-protein nitrogen did not increase during incubations with phosphoprotein,

indicating that no proteolysis had taken place.

2. Enzyme concentration. The results summarized in Figure 6 show that a

direct relationship exists between protein concentration and velocity with both

phosphoprotein substrates tested. Variations in the salt concentration had little

15

MINUTES
30

FIGURE 2. Rates of PPPase activity of centrifugal fractions of ovarian homogenates with

or without added phosvitin. All incubations in pH 4.9 buffer, 0.4 MNaCl, 28 C. Filled circle :

pigment + phosvitin. Circle, right half filled : small yolk + phosvitin. Filled triangle : whole

homogenate + phosvitin. Circle, upper half filled : large yolk + phosvitin. Circle, lower half

filled : large yolk endogenous activity. Open triangle : whole homogenate endogenous activity.

Circle, left half filled : small yolk endogenous activity. Inset compares pigment and small yolk
activities against phosvitin throughout the 30-minute incubation.
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FIGURE 3. Comparison of enzymatic activity of yolk platelets and YPs in 0.1 Mand 0.4 M
NaCl, with or without the addition of phosvitin. YPB was mostly dephosphorylated prior to

incubation, as described in text. Filled circle : yolk platelets + phosvitin in 0.4 MNaCl. Open
circle : yolk platelet endogenous activity in 0.4 MNaCl. Circle, upper half filled : YPs + phos-
vitin in 0.4 MNaCl. Filled triangle : yolk platelets + phosvitin in 0.1 MNaCl. Circle, lower

half filled : YPB endogenous activity in 0.4 MNaCl. Open triangle : yolk platelets, endogenous

activity in 0.1 MNaCl.

effect when the enzyme was incubated with water-soluble phosvitin, whereas heated

yolk platelets were an effective substrate only at high salt concentrations. When
heated YPA was used as a substrate, a high hydrolytic rate was found in both

weak and strong salt solutions.

3. Substrate concentration. Phosvitin, a yolk protein with 9.7% of its weight
as phosphorus and a P/N ratio of 0.8 (Mecham and Olcott, 1949), was dissolved

in buffer, and the molarity of phosphorus was used as the basis for the substrate

concentration curves. Yolk with a P/N ratio of 0.14 required over five times as

much protein to reach the same phosphorus concentration. It is apparent from

Figure 7 that the phosvitin concentration is nearly optimal at 7 mMphosphate,
while heated yolk does not approach an optimum until 20 mMphosphate. A Line-

weaver-Burk analysis (Lineweaver and Burk, 1934) resulted in a Michaelis con-

stant of 3.6 mMof phosvitin phosphorus.

Pigment extract had no activity after 15 minutes of incubation against 10 mMP
concentrations of /2-glycerophosphate, disodium phenyl phosphate, and ATP.

4. Effects of pH. The results of variations of the pH upon the PPPase activity

of pigment extracts with phosvitin as substrate are shown for two temperatures in
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FIGURE 4. Rate of phosphate hydrolysis from phosvitin (10 mMP) by pigment
extract. Incubated at pH 4.9, 28 C.

Figure 8. The pH curves are very similar to those reported for the endogenous

activity of yolk platelets (Nass, 1956) except for a shift of the pH optimum from

pH 5.0 in the latter to pH 5.4 with phosvitin.
5. Effects of temperature. The activity of the extract against heated yolk in

0.4 MNaCl was tested at various temperatures. The temperature optimum for a

10-minute incubation period was found to be at about 50 C., which is similar to

that found previously for endogenous yolk activity (Nass, 1956). A sharp decline

in the activity occurred from approximately 55 to 65 C. Arrhenius plots of these

data and those of a similar experiment with phosvitin as a substrate are shown in

Figure 9. Both substrates gave very similar plots with discontinuities at 26 C.

6. Ionic effects. Many references have been made throughout this section

about the effects of strong salt solutions (0.4 MNaCl) and of weak salt solutions

(0.1 M NaCl). In summary, the activity of the extract upon yolk platelets is

minimal in 0.1 MNaCl but much greater in 0.4 MNaCl. The effects of the ionic

strength of the medium on the action of the extract upon phosvitin are very small

between 0.4 and 0.1 /*, but a 20% decrease of activity was measured when the ionic

strength was lowered to 0.02
ju.

Ca* + and Mg++
completely inhibited the Pj release at 10" 1 Mconcentrations but

were without effect at lower concentrations. Cu++
, Hg++

,
Mn++

,
Fe+++

,
and Al +++

completely inhibited the Pt release at 10" 1 Mconcentrations, and exhibited inhibitions

of 75% and 15% at 10~ 2 Mand 10" 3 M, respectively. Most of the effects were a

resultant of precipitation of the reactants at high ionic concentrations.
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7. Inhibitors. Both the endogenous and exogenous activities of yolk fractions

were markedly inhibited by ammonium molybdate, suggesting that both reactions

were enzymatically similar. The Lineweaver-Burk plot of molybdenum inhibition

of PPPase extracted from the pigment fraction showed this polyanion to be a non-

competitive inhibitor of the enzyme. The ammonium molybdate was observed to

precipitate a very small quantity of non-TCA-precipitable material when added to

an incubation mixture. The clouding that was usually found when molybdate was
added during the Fiske-Subbarow procedure was not observed when this reagent
was added to molybdate-inhibited incubation mixtures after TCA precipitation.

Inhibition was 50% at 10~ 4 Mmolybdenum.
Other reagents that were reported to be activators and inhibitors of mammalian

PPPase (Feinstein and Volk, 1949; Norberg, 1950; Sundararajan and Sarma,

1954; Paigen, 1958), including thioglycollic acid, desoxycholate, ascorbic acid,

hydrogen peroxide, and phenanthroline, did not affect frog PPPase at concentrations

of 10~ 2 M. Oxalate, iodoacetate, cyanide, and fluoride were equally ineffective.

D. Changes in PPPase activity during development of frog embryos

Figure 10 shows that the amount of YPB protein per embryo decreased sharply
after stage 20 (hatching). Pigment residues, obtained from ovaries and embryos
at different stages of development, were incubated individually with YPB of stage 2,

stage 4, stage 10, stage 20, and with phosvitin. The activities of each residue

15 30 45 60 75
MINUTES

105 120

FIGURE 5. Rate of phosphate hydrolysis and protein change from a water-precipitable
to a water-soluble state by the action of pigment extract upon heated yolk platelets in 0.4 M
XaCl, PH 4.9, 28 C.
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FIGURE 6. The proportionality of the reaction rate to enzyme concentration. Substrates :

Open circle: heated yolk platelets (20 mMP) in 0.4 M NaCl. Filled circle: phosvitin

(10 mMP) in 0.4 MNaCl. Filled triangle: phosvitin in 0.1 MNaCl. Open triangle: heated

yolk platelets in 0.1 MNaCl. Incubation period 15 minutes, pH 4.9, 28 C.

against all of these substrates were similar, and the average value obtained from

the incubation of each residue with the five substrates is reported in the figure.

Although ovarian pigment had a specific activity of 21 /xg. P/mg. N/min., the

residues after fertilization had very low activities until stage 17 (tailbud), when
the activity sharply increased to the value found for ovarian pigment. The decline

of the activities of the residues after hatching paralleled the decline of YPB extract-

able from embryos. It should be re-emphasized that the activities of the residues

declined after stage 20 when YPB of stage 2 through stage 20 as well as phosvitin
was used as substrate, and therefore the decline was not a result of the smaller

quantities of substrate present in embryos after stage 20.

DISCUSSION

The contradictory reports on the localization of the enzyme phosphoprotein

phosphatase in the frog egg appear to be a result of the different preparatory tech-

niques, which lead to variable amounts of adsorption artifacts or to non-enzymatic

dephosphorylation of the yolk proteins during preparation. Yolk proteins pre-

pared by homogenization and extraction of ovaries at high ionic strength are

largely dephosphorylated during the preparation and therefore lose their character-

istic euglobulin properties (Table I). This property is not exhibited by yolk

proteins prepared by similar extraction techniques of whole yolk platelets. No
water-soluble livetin is found when isolated, clean yolk platelets are solubilized and

re-precipitated. This result is in agreement with that reported by Ringle (1960).
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FIGURE 7. Effect of substrate concentration upon enzyme activity. Filled circle : phosvitin
in 0.4 MNaCl. Open circle : heated yolk platelets in 0.4 MNaCl. Open triangle : heated yolk
platelets in 0.1 MNaCl. Incubation period 15 minutes, pH 4.9, 28 C.
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FIGURE 8. The pH dependence of phosphate release. Phosvitin as substrate.

Incubation period 10 minutes, 0.05 M acetate buffers.
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FIGURE 9. Arrhenius plots for PPPase reaction. Upper curve: phosvitin (10 mMP) as

substrate. Lower curve: heated yolk platelets (20 mMP) as substrate. Incubations in 0.4 M
NaCl, pH 4.9. Incubation period, 10 minutes.

The heavily contaminated YPB preparations also had a higher RNAphosphate
content than clean yolk fractions (Table I), and it is suggested that the small quan-
tities of RNA measured in all the yolk fractions may be due to adsorption of

nucleic acids.

Properties of yolk, such as P/N ratios, the presence or absence of enzymes, the

number of electrophoretic, ultracentrifugal and serological components, may need

re-examination because of the instability of the material prepared for characteriza-

tion. The wide variations in P/N ratios reported (0.05 to 0.14) (McClendon,
1910; Faure-Fremiet and du Streel, 1921; Lawrence et al, 1943; Panijel, 1950;
Gross and Gilbert, 1956; Ringle, 1960) may be related to whether the yolk was

carefully cleaned before solubilization and re-precipitation or was first extracted and

then re-precipitated. The presence of PPPase reported by L. J. Earth (1956) in

yolk extracts may be correlated with the adsorption of pigment and with non-

enzymatic dephosphorylation. The variable number of electrophoretic, serological

and ultracentrifugal components reported for yolk may also be correlated with the

dissociation of the yolk proteins following dephosphorylation. Earth and Earth

(1954) estimated that the non-phosphoprotein component of yolk made up approxi-

mately 90% of the total protein of the yolk. The possibility that part of their yolk

preparations was dephosphorylated during preparation is suggested by the results

of this study. Thus, the YPB preparations were found to be unstable and dephos-
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The conclusions of Ringle (1960) based on micromanipulation, serological and

electron microscopic techniques, that the ghost material is not a normal feature of

the yolk platelet, are in agreement with the enzymatic studies performed in the

present investigation. The ghost protein had a high activity against phosvitin and

probably accounts for the activity previously reported to be present in the yolk

(Harris, 1946; Panijel, 1950; Nass, 1956). Thus, whole yolk platelets in dilute

salt solutions acted immediately on phosvitin, although they had little endogenous

activity, while solubilized yolk had no additional activity in the presence of phos-
vitin (Fig. 1). The P/N ratios of yolk, ghost proteins and pigment further

suggest the closer relation of the gray ghost material to the black pigment fraction.

The small yolk platelets, having a greater surface/volume ratio, would absorb

more of the pigment material, which would thus account for the greater PPPase

activity reported (Panijel, 1950) for this fraction as compared with the large yolk

granules. Other evidence supporting the view that the ghost surface of the yolk
is largely a pigment contaminant and not a regular feature of yolk includes the

finding that removal of the ghost material decreased the endogenous activity of

the yolk protein and eliminated its action against phosvitin. Further, Table II

shows that although the yolk fractions contained the greater total activity, the

activity declined markedly with repeated washing of the yolk fractions, but washing
did not alter the activity found in the pigment fraction. The reported inability to

standardize the enzyme activity of different yolk preparations by measuring the

protein content of samples (Nass, 1956) undoubtedly reflects variable quantities of

pigment adsorbed to different yolk preparations.

The properties of the enzyme have not previously been studied in preparations
free of endogenous activity and in solution. The reported characteristics of the

endogenous activity (Nass, 1956) are similar to the properties measured with exoge-
nous substrates and with the enzyme in solution. The equivalent activity of pig-

ment extract on phosvitin at low and high ionic strengths indicates that the salt

concentration is a factor of importance only in the solubilization of the yolk proteins
and not in activation of the enzyme. The reported activation of the enzyme by
Ca++

(Flickinger, 1956) may be related to the solubilization of the yolk that is a

prerequisite for enzymatic activity against yolk. No activators were found and

only molybdate ions out of many agents tested acted as an inhibitor. Except for

the mammalian PPPase inhibition by molybdate, the properties of frog PPPase do

not resemble any of those reported for the mammalian enzyme (Sundararajan and

Sarma, 1954, 1959; Paigen, 1958). The amphibian enzyme is more substrate-

specific, no enzymatic action being observed under standard incubation procedures
when /?-glycerosphosphate, disodium phenyl phosphate or ATP are used as sub-

strates (Nass, 1961).

The experiments reported on the embryonic YPB preparations show that this

material is much more stable than ovarian YPB . The preparations are noticeably
cleaner than ovarian YPP> ,

and they have negligible endogenous activity. Figure 10

shows that at fertilization the pigment residues lose all their PPPase activity

against all the phosphoprotein substrates and that the activity of the residues did

not increase again until late gastrulation. The activity reached a maximum at tail-

bud stage, where the specific activity was found to be equivalent to that found for

the ovarian pigment fraction. The specific activity of the pigment residues
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dropped sharply after hatching, paralleling the decline in the quantity of yolk. The
water-soluble protein of the frog embryo (which is probably dephosphorylated

yolk) increases at neurulation (Gregg and Ballentine, 1946; M. Nass, 1961 ), which

is the approximate time at which PPPase activity increases in the embryo. Ferti-

lization thus apparently inhibits the enzymatic activity found in the pigment granule

fraction of the unfertilized egg, and concomitantly the YPB preparations are cleaner

and more stable.

There is clear agreement that yolk utilization is correlated with differentiation

and that the most rapidly differentiating areas are the locations for the earliest yolk

solubilization (Bragg, "l939; Flickinger, 1949). Flickinger (1956, 1957) and

Holtfreter (1947) have maintained that yolk solubilization is of primary importance
in inducing neural structures, since ventral explants can be neuralized by treatments

which solubilize the yolk proteins. The localization of PPPase in the pigment
fraction (probably composed mostly of cortical material) adds support to these

views and to the cortical-vitellin gradient hypothesis of Dalcq and Pasteels (1937).
Pasteels (1951) suggested that at fertilization the precursor of the active principle

of the organization center can be displaced, but after the gray crescent is formed the

precursor is "fixed" in the cortical areas and cannot be displaced by centrifugation.

This may be compared with the high activity found for PPPase in the homogenized
unfertilized egg and with the loss of activity of the pigmented fraction shortly after

fertilization. The "fixation" of the cortex would then correspond to the loss of

activity of the cortical pigment fraction.

The first area of contact of the cortex with the yolk occurs at the dorsal lip of

the blastopore. Although Figure 10 does not indicate more than a very sight rise

in the early activity of PPPase, it may become more apparent if experiments were

performed upon dissected fragments of this cortical area. The "organizer" action

of the dorsal lip could then be interpreted as freeing the yolk-hydrolyzing mech-

anism, which would provide the necessary materials for neuralization. Experi-
mental neuralization would then involve supplying hydrolyzed yolk proteins to cells

which have the capacity but lack the material for neuralization.

Curtis (1960) has shown that the cortical material of cleaving Xcnopus eggs

possesses morphogenetic properties which may be transferred with it; however,

the cortical material of the unfertilized egg inhibits development when grafted to a

fertile egg. This is also suggestive of a change in the cortex that occurs upon
fertilization. Mezger-Freed (1953) studied PPPase activity in the frog and

reported that dorsal portions of gastrulae had a greater activity per unit of nitro-

gen but a lower total activity than ventral fragments. Table II also shows the

pigmented fraction to have the greatest activity per unit of nitrogen, but the yolk
fraction (mostly vegetal material) had the greatest total activity in unfertilized eggs.

These results suggest that the enzyme is located in the dorsal part of the egg cortex,

but homogenization disrupts the spatial orientation and thus allows for greater

enzyme-substrate interaction.

The localization of the enzyme in the pigment fraction also suggests that the

controlling mechanism of yolk utilization is the morphogenetic movement which

brings the cortex in contact with the yolk. The leading edge of the invaginating
cortex is the area of most active differentiation, and it is of interest that this area

is continually in contact with the yolk.
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SUMMARY

1. The phosphoprotein phosphatase activity of various centrifugal fractions and

extracts of homogenates of frog ovaries and embryos was studied in the presence
and absence of added phosphoprotein substrates and as a function of a number
of environmental variables, including incubation time, pH, temperature and ionic

concentrations.

2. Yolk prepared in low ionic strength media was far more stable than yolk
extracted from whole homogenates with concentrated salt solutions followed by

precipitation by dilution or dialysis. The latter fraction lost its characteristic

euglobulin properties during preparation, and this was correlated with the loss of

phosphoprotein phosphorus from this material.

3. The rate of endogenous Pj release from yolk platelets was found to be a

function of the rate of solubilization of the platelets, and the rate of PI release was
linear only as long as the rate of increase of water-soluble protein was linear.

4. The pigment-containing centrifugal fraction was found to have the highest
PPPase activity when ovarian fractions were incubated in the presence of

added phosphoproteins. Evidence is presented that the activity found in other

centrifugal fractions and extracts is a result of varying degrees of pigment
contamination.

5. It was found possible to study the enzyme characteristics of PPPase with

the enzyme in solution and in the absence of endogenous substrate.

6. Yolk extracts from embryos were far more stable after re-precipitation by
water than similarly prepared ovarian extracts. The enzyme activity of the

pigment-containing fraction was found to drop precipitously after fertilization^

slowly increase from gastrulation to neurulation and rise to a maximum at tailbud.

The activity declined after hatching.

7. The possible sources of the discrepancies in the literature concerning the

site of PPPase and the composition of yolk proteins are discussed. The sig-

nificance of the localization studies and the variations in enzyme activity found

during embryogenesis is discussed in relation to the morphological changes-

occurring during that period.
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